Introduction {#sec1-1}
============

The leading global cause of morbidity and mortality is atherosclerotic cardiovascular disease (CVD), which is commonly accompanied by stenosis in one or more of coronary arteries ([@ref1]).

Endothelial dysfunction plays an important role in the pathophysiology of atherosclerosis ([@ref2]). Normal endothelium can maintain vessel's tone and structure by producing hemostatic regulatory factors such as nitric oxide (NO). No is synthetized by nitric oxide synthesizer (NOS) and it maintains tone and structure of blood vessels. It also performs a series of anti-atherosclerotic functions such as vasodilation, inhibition of coherence and accumulation of platelets, inhibition of coherence of monocytes and leukocytes to endothelium and inducing the apoptosis of smooth muscle cells ([@ref1], [@ref3]).

Asymmetric dimethyl arginine (ADMA) is L-arginine's natural analog. ADMA inhibits NOS ([@ref1]). It is synthetized by the action of an enzyme called protein arginine methyl transferals (PRMT) ([@ref4]). It is eliminated via two ways, renal exertion and by the action of an enzyme called dimethyl arginine dimethyl hydroxylase (DDAH) ([@ref3]-[@ref5]). ADMA can enhance the process of atherosclerosis in many ways. It inhibits all of the isoforms of NOS ([@ref6]) and it could also produce super oxides by uncoupling NOS. ADMA can revert the effects of NO, restrict blood flow and increase vascular wall resistance ([@ref7]).

There have been studies suggesting a positive correlation between ADMA's level and the degree of coronary artery stenosis ([@ref1], [@ref8]-[@ref10]). In addition, many studies have been performed in order to discover the association between ADMA's levels and traditional risk factors (RFs) of CVD, including smoking ([@ref6], [@ref11]-[@ref13]), diabetes ([@ref2], [@ref14]-[@ref16]), dyslipidemia ([@ref13], [@ref17], [@ref17]), hypertension ([@ref9], [@ref13], [@ref13], [@ref13]), obesity ([@ref21]-[@ref23]). However, not all findings have been consistent.

Even though the association between ADMA's plasma concentration and the extent of coronary artery diseases (CAD) has been indicated, it is still unclear whether ADMA is considered as an independent biomarker or is it related to other CVD RFs. This study is the first which aimed to investigate ADMA's role as an independent biomarker in CAD.

Patients and methods {#sec1-2}
====================

This study has been approved by the Ethics Commission of MUMS (Mashhad University of Medical Sciences) and patients signed a consent form before joining the study. The study was performed in year 2014 in Ghaem hospital, Mashhad, Iran.

One hundred and sixty five individuals which were candidate for angiography and had fulfilled the exclusion and inclusion criteria were selected. The inclusion criteria of the study were men and women, Candidate for angiography. And the exclusion criteria were liver, kidney or heart failure, activated infection, chronic inflammation, any discovered malignancy, statin usage, supplement drug usage, brain stroke, any CVD RFs (defined by American heart association: obesity, hypertension (defined by JNC8), dyslipidemia (defined by AHA/ACC), diabetes (defined by American diabetic association), age, current Tabaco usage, family history of diabetes, HTN and dyslipidemia) and finally any CVD in control group. The study group was divided into three groups of fifty five individuals. First group had more than 50% stenosis in their coronary arteries (CAD^+^). Second group had less than 50% coronary artery stenosis (CAD^-^). And the third group had no sign of stenosis in their coronary arteries (control), as it was claimed in their angiography record.

Blood sampling was performed in the morning of angiography in a fasting condition from the femoral artery (which is the entrance of angiography catheters). The blood samples were kept in -80 degree centigrade freezer until 10 minutes before the onset of experiment. Angiography was performed by two cardiologists, who were unaware of patient's data, independently to assess the extent and severity of coronary artery stenosis.

ADMA plasma level concentration was measured by Elisa kit (LDL, S.N.: REA 201/96). This assay is based on the method of competitive enzyme linked immunoassays. Statistical analyzes was performed by SPSS (Statistical Package for the Social Science) version 21 for windows.

Results {#sec1-3}
=======

Patients Data {#sec2-1}
-------------

The study population consisted of 165 individuals (55 CAD^+^, 55 CAD^-^ and 55 Healthy). Demographic data, base line details and biochemical tests, are summarized in [Table 1](#Tab1){ref-type="table"}.

###### 

Characteristics of study population
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The comparison between ADMA's plasma levels and theextent of coronary artery stenosis {#sec2-2}
-------------------------------------------------------------------------------------

ADMA's concentration was compared between CAD+, CAD- and the control group. Then intergroup comparison was performed, and there was no significant difference between 3 groups. The results are shown in [Table 2](#Tab2){ref-type="table"}.

###### 

Relation between ADMA's plasma levels and the extent of artery stenosis
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The comparison between ADMA's plasma levels in CAD^+^ subgroups {#sec2-3}
---------------------------------------------------------------

ADMA's concentration was compared between CAD^+^ subgroups according to the number of stenosed vessels; i.e. single-vessel disease (SVD), two-vessel disease (2VD) and three-vessel disease (3VD). Between-group comparison did not suggest any significant difference between the three groups. The results are shown in [Table 2](#Tab2){ref-type="table"}.

Discussion {#sec1-4}
==========

Results of this study showed no significant association between plasma ADMA levels and either presence or severity of coronary artery stenosis according to the number of narrowed vessels in angiography.

During biochemical or mechanical damage to endothelium, production of hemostatic mediators, such as NO, is compromised. This is in part due to ADMA-related reduction in endothelial NO production and an increase in production of reactive oxygen spices (ROS) that could cause NO inactivation ([@ref9]). Also, LDL oxidation may inhibit DDAH and cause further elevation of ADMA levels ([@ref24]).

Bai et al. reported a positive association of circulating ADMA levels with intima-media thickness (IMT) in a meta-analysis research including 6168 participants from 22 studies, investigating the relation between ADMA's level and carotid IMT. It was shown that this association is stronger in the subgroup of patients with chronic kidney disease (CKD) ([@ref25]). Shivkar et al.'s study showed that serum ADMA/NO balance can be a valuable predictor for severity of CAD and the extent of coronary atherosclerotic stenosis. Lu et al.'s study on 997 consecutive individuals referred for coronary angiography, showed that plasma ADMA levels increases significantly in CAD^+^ patients, compared with CAD^-^ and healthy individuals and it can predict long-term clinical outcomes in CVD; however after adjusting for CV RFs, ADMA level remained independent except for eGFR, which is not consistent with the present results ([@ref9]). Gurel. et al. studied plasma ADMA, hs-CRP and homocysteine as predictive biomarkers of CAD. They claimed that Plasma ADMA is a predictor and risk factor of CVD, whereas homocysteine and hs-CRP are not ([@ref8]). Kruszelnicka et al.'s study on 151 non-diabetic men with stable angina and obstructive CAD, to assess the association of angiographic extent and severity of coronary artery disease with ADMA's level, indicated that ADMA is associated with diffuse but not focal coronary atherosclerosis ([@ref10]).

There has been several studies that delineated the correlation between the existence of CVD's RFs and ADMA's plasma levels; however there are conflicting results in this area. Some of them are mentioned below:

*ADMA & Smoking:* Jiang et al.'s study showed that a period of nicotine treatment can damage endothelial functions, decrease DDAH activity and elevate circulating ADMA levels ([@ref6]). A study by Alkan et al. shows that smokers have higher plasma viscosity, a biophysical mechanical marker, that can lead to endothelial dysfunction and an increase in ADMA plasma levels ([@ref11]). Wang et al.'s study shows that smoking is associated with a decrease in nitrate and nitrite levels, an increase in ADMA plasma levels and impaired endothelium-mediated vessel dilatation ([@ref12]). In contrast, Korandji et al.'s study showed that smoking was not associated with ADMA's level elevation, in fact their study showed that ADMA is independent of all the conventional CV RFs which is in contrast with our findings ([@ref13]).

*ADMA & Diabetes:* Krzyzanowska et al. and Celik et al.'s study shows that ADMA tends to increase in type 1 and 2diabetes ([@ref2], [@ref14]). In addition Bestermann et al.'s study shows a positive correlation between ADMA levels and insulin resistance and suggests that ADMA levels were not increased in hypertensive individuals unless they were insulin resistance ([@ref26]); However an study by Pitocco et al. on subjects with type 1 diabetes with no diabetic complications shows that ADMA plasma levels is decreased in diabetic patients compared to non-diabetics ([@ref15]). An other study by Heilman et al. on children with type 1 diabetes showed that paradoxically they have a lower blood levels of homocysteine and ADMA ([@ref16]). Studies by Böger et al and Lu et al. and Korandji et al. show no difference in ADMA plasma levels between diabetic and non-diabetic groups ([@ref9], [@ref13], [@ref13]).

*ADMA & Oxidized LDL:* In Fabian et al.'s study increase in Ox-LDL was positively correlated with increase in ADMA ([@ref17]). Päivä et al.'s study showed a bivalent effect of ADMA, it can have a protective role by slowing LDL oxidation and also a damaging role by decreasing NO availability ([@ref18]). In contrast, Korandji et al.'s study showed that ADMA's concentration was independent of dyslipidemia; however, as mentioned before, their study conclusion is inconsistent with ours ([@ref13]).

*ADMA & Renal impairment:* Renal failure in which metabolism and exertion of different substances is disturbed is an example of united and combined risk factor in CV physiology. Renke et al.'s study confirms the positive relation between ADMA and renal failure ([@ref28]). A study performed by Marra et al. showed that in diabetic renal impairment, DDAH's polymorphisms, which metabolizes ADMA, plays an important role in increasing plasma ADMA's levels; and it could lead to a greater risk of CVD ([@ref5]). Another study by Aysegul et al showed that after renal transplant, ADMA will decrease significantly and it can be a predictor of atherosclerosis in RT patients ([@ref29]). Lu et al. and Korandji et al.'s studies showed that ADMA's concentration was negatively correlated with eGFR ([@ref9], [@ref13]). In addition, Jacobi et al.'s study shows that inducing CKD in mice does not affect the levels of ADMA ([@ref4]).

*ADMA & Hypertension:* Lu et al. and Mamatha et al.'s study showed that patients with hypertension had a higher level of ADMA ([@ref9], [@ref19]). Perticone et al.'s study suggests that endothelium-dependent vasodilation would be compromised in hypertensive patients and they would have a significantly higher concentration of ADMA and L-arginine than normotensive individuals ([@ref20]). In contrast to previous studies, in Korandji et al.'s study, hypertension had no influence on ADMA's plasma levels. In fact an inverse relation was showed between SBP and L-arginine/ADMA ratio ([@ref13]).

*ADMA & obesity:* Mauricio et al.'s study showed that morbid obesity is associated with endothelial dysfunction. This is due to decreased level of NO, increased level of ADMA, chronic inflammatory process, oxidative stress and increasing prostanoid-dependent vasoconstriction ([@ref21]). Gruber et al.'s study showed that ADMA is slightly increased in obese adolescents, but it is not associated with any of obesity related conditions such as dyslipidemia and hypertension ([@ref22]). In contrast, a study by Rudofsky showed that a weight reduction program can improve endothelial function measured by pulse wave velocity, however it is not associated with ADMA level reduction ([@ref23]).

According to previously mentioned studies, ADMA's association with CVD's RFs is unclear and there has been no study which investigate ADMA's role as an independent biomarker in CADs.

In current study, individuals of all three groups had no CVD's RFs (age, diabetes, HTN, dyslipidemia, obesity, Tabaco usage, family history of diabetes, HTN and dyslipidemia) and they had no history of renal and hepatic failure. The result of this study indicates no significant relation between ADMA's plasma levels and either presence or severity of coronary artery stenosis. Therefore, it is presumed that ADMA may not be an independent biomarker for CADs; however it is necessary to carry out a better evaluation with more studies and larger samples volumes.

New knowledge gained {#sec1-5}
====================

Based on the present results, serum ADMA concentrations may not be associated with the presence of CAD in subjects free from traditional CV RFs.

Limitations {#sec1-6}
===========

A major limitation of this study is that the groups were only matched for traditional CV risk factors, whilst non-traditional factors, particularly inflammation, might have been different between the groups.

Another limitation is lack of information on the NO status between the study groups, it is important to know if the NO levels of studied subjects were depressed or normal, and if the groups were comparable regarding NO levels at baseline. Finally, the present study cannot answer if serum ADMA levels are associated with the severity of CAD, as number of stenosed vessels is not an ideal indicator for the severity of CAD.
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